The study looked at the antimicrobial resistance patterns, serotypes, molecular types, metallo beta-lactamase, and chromosomal betalactamase enzymes of P. aeruginosa strains isolated from the patients and the staffs of the intensive care unit. P. aeruginosa isolates from the patients as nosocomial pathogens and from the staffs were evaluated for their susceptibilities to the antimicrobials by the disk diffusion and E-test methods. Metallo beta-lactamase enzymes were investigated by E-test, the inducibility of β -lactamase enzymes were detected by the disk antagonism test. Serotyping was performed by slide agglutination method. The P. aeruginosa isolates were typed by pulsed field gel electrophoresis. Twenty-five P. aeruginosa strains from the patients and three from the staffs were isolated. Fifteen P. aeruginosa, eleven of which composed of MDR bacteria, were found in serogroup E, 7 strains in G, 4 strains in B, and 1 strain in serogroup A. In all 12 bacteria in the MDR and serogroup E, metallo beta-lactamase enzyme was found to be positive. And in other 15 strains, except the bacterium which could not be serotyped, chromosomal beta-lactamase was found to be positive. The result of the molecular typing showed PFGE A pattern. In conclusion, a pattern in PFGE which included bacteria from MDR and serogroup E, G which was observed in the P. aeruginosa strains which was isolated from the staff's hands and from the 5 patients, and PFGE F pattern were found to be observed the most. Finally, the two different clonal strains were found to be established in the intensive care.
Introduction
Pseudomonas aeruginosa is an opportunistic pathogen that may cause severe invasive diseases in critically ill patients [1] . Because of its ubiquitous nature, ability to survive in moist environments, and innate resistance to many antibiotics and antiseptics, P. aeruginosa is a common pathogen in hospitals and particularly in intensive care units (ICUs) [2] . It has become increasingly clear that resistance development in P. aeruginosa is multifactorial with mutations in genes encoding porins, efflux pumps, penicillin-binding proteins, and chromosomal β-lactamase, all contributing to resistance to β-lactams, carbapenems, aminoglycosides, and fluoroquinolones [3] .
In this study, we aimed to serotype and molecular type in order to put forward the similarity of the nosocomial strains isolated from the patients and the intensive care unit staff and in order to find the antibiotic sensitivity, and the antibiotic resistance mechanism beta-lactamase of the nosocomial pathogen P. aeruginosa strains isolated from the intensive care unit in Trakya University Hospital (TUH).
Material and Methods
The study was conducted in a nine month-period. The patients admitted to the intensive care unit of TUH were monitored for nosocomial infections (NIs) by P. aeruginosa at all body sites. The study was done via active surveillance method towards target and the everyday service observations and by following the Clinic Microbiology Laboratory records of prospective laboratory data and patients [4] . This study was approved by the Ethical Committee of TUH. The samples of urine, blood, sputum or tracheal aspirate were taken from the patients on the first and the third day of their hospitalization and cultured routinely. Other samples were taken and cultured if there was suspicion of an infection. Hand cultures obtained by using bag broth method [5] and nasal swabs were obtained from all ICU staff every two weeks to determine the transmission of P. aeruginosa.
Organism identification
P. aeruginosa isolates were identified by conventional methods [1] and species identification was confirmed with the Vitek-I system (bioMérieux France) as required.
Antibiotic susceptibility testing
The isolates were evaluated for their susceptibilities to aztreonam (30 µg), ceftriaxon (30 µg) (Becton Dickinson, USA), piperacillin (100 µg), piperacillin/tazobactam (100/10 µg), ceftazidime (30 µg), cefepime (30 µg), imipenem (10 µg), meropenem (10 µg), ciprofloxacin (5 µg), ofloxacin (5 µg), amikacin (30 µg), gentamicin (10 µg), tobramicin (10 µg), netilmicin (30 µg) (Oxoid, United Kingdom) by the disk diffusion and E-test (AB Biodisk, Norway) methods and evaluated according to Clinical and Laboratory Standards Institute [6, 7] . Quality control was performed by testing P. aeruginosa ATCC 27853 and Escherichia coli ATCC 25922.
Isolates resistant to three or all four different classes of antimicrobials (ceftazidime, ciprofloxacin, gentamicin and imipenem) were considered multi-drug resistant (MDR) [8] .
Investigation of Metallo beta-lactamase enzymes
Metallo beta-lactamase (MBL) enzymes were investigated by E-test MBL strips (AB Biodisk, Norway) (IP (4 to 256 µg/ml) with IP (1-64 µg/ml)-EDTA (IPE). According to the producer's recommendations, MIC IP / MIC IPE ≥8 was interpreted as being suggestive of MBL production.
The detection of chromosomal betalactamase enzymes
The disk antagonism test was used to detect the inducibility of β -lactamase enzymes [9] .
Serotyping of Pseudomonas aeruginosa strains
Serotyping of P. aeruginosa strains was performed by slide agglutination method using O-specific commercial anti-sera obtained from Denka Seiken (Denka Seiken, Japan) [10] . All agglutinations were repeated 2 times to assess reproducibility. Strains showing agglutination with saline were coded as auto-agglutinable. Strains reacting with >1 antiserum were referred to as polyagglutinable. Non-typeable strains were those which did not react with any antiserum [11] .
Molecular typing of Pseudomonas aeruginosa strains by pulsed-field gel electrophoresis
The P. aeruginosa isolates were typed by pulsed field gel electrophoresis (PFGE) to determine genetic similarity [12] . Bacterial suspension was prepared in 1xTE buffer by bacterial colonies directly from overnight incubated culture on eosin methylene blue agar (Biomérieux, France). Bacterial suspensions (200 μl) were mixed with 200 μl of low-melting-point agarose (1.6% in EET buffer, 45°C) and 8 µl proteinase K (25 mg/ml) (Sigma) and poured into a mold to form agarose plugs (30 min, 4°C). Plugs with immobilized bacteria were incubated overnight at 55°C with 0,5 M EDTA (Sigma), %10 sarcosyl (Sigma) and 100 µg/ml proteinase K. Plugs were washed six times for 30 min each time with 600 μl of T 10 E 1 buffer (10 mM Tris-HCl, 1 mM EDTA [pH 8.0]) and, finally, were washed for 30 min in 1 ml of T 10 E 0.1 buffer (10 mM TrisHCl, 0.1 mM EDTA [pH 8.0]). One-sixth of the plug was cut and washed two times for 30 min each time with 120 μl of restriction buffer M (1x) and was subsequently incubated with 20 U/ml of SpeI (Takara, Japan) and 10 μg/ml of bovine serum albumin (Sigma) overnight. The plugs were placed in a 1% agarose (Sigma) gel in 0.5× TBE (45 mM Tris, 46 mM boric acid, 1 mM EDTA). Restriction fragments of DNA were separated with a Gene-Path system (Bio-Rad Laboratories, Hercules, CA, USA). A lambda ladder (Bio-Rad Laboratories) was used as the molecular size marker. The gel was stained with ethidium bromide and visualized with the Gel Doc 2000 system (Bio-Rad Laboratories). The band patterns were interpreted according to the criteria of Tenover et al. [13] .
Results
Twenty five P. aeruginosa strains were isolated from the patients as nosocomial pathogen. Majority (64%) of P. aeruginosa strains were isolated from the tracheal aspirate ( Figure 1 ). Also, 3 P. aeruginosa strains were isolated from the staff's hands.
The MIC values of 25 P. aeruginosa strains by E-test method were shown in Table 1 . According to the MIC 50 values, the antimicrobials, in the ranges of susceptibilities, were piperacillin/tazobactam, ceftazidime, imipenem, meropenem, aztreonam, amikacin, and tobramicin. Yet there were not any antimicrobials which were in the ranges of susceptibilities according to the MIC 90 . The isolates were found to be the most resistant to the ceftriaxone (64%), gentamicin (56%) and piperacillin (56%).
The 28 P. aeruginosa strains isolated from the staff and the patients were in 15 different antibiotic pattern. Eleven of the patient isolates and one bacterium from the staff were found to be MDR (Table 2) .
After serotyping, 15 P. aeruginosa strains were determined as serogroup E, 7 strains as serogroup G, 4 strains as serogroup B, and one of them was determined as serogroup A. Only one strain was non-typeable. There were no auto-agglutinable or poly-agglutinable strains ( Table 2) .
MBL enzymes and inducible AmpC β-lactamase were determined in 12 and 15 strains, respectively ( Table 2) . In MDR strains, chromosomal beta-lactamase enzymes could not be identified because they had no zone diameter or were very small.
Six different DNA band patterns were observed in PFGE (Table 2, Figure 2a and 2b) . Mostly, A and subtypes of A and F band patterns were observed. All MDR strains were serogroup E and PFGE pattern A, and all their MBL enzymes were positive. These 12 strains, one of them isolated from the staff, were observed to be in 5 antibiotic patterns.
The second most isolated group according to serotyping and PFGE pattern was serogroup G; and its PFGE pattern was F and the bacteria isolated from 5 patients and 2 staff were in this group. These bacteria were observed to have four different antibiotic patterns and in all MBL enzymes were negative. Three of the other nine bacteria were in serogroup E; and according to PFGE, they had A, A1, and A2 patterns; however, there were no MBL enzymes and they had different antibiotic patterns and they were not MDR. 4 were in serogroup B; and according to PFGE, two had D, one had D1, and the other had E pattern. A bacterium was in serogroup A; and according to PFGE, it had B pattern. A bacterium which could not be typed via serotyping had C pattern according to PFGE; and the antibiotic pattern, in which only this bacterium included, was 3 (Table 2) . 
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Discussion
Resistance rates are higher in P. aeruginosa isolates from cystic fibrosis patients and the patients in ICUs.
And also resistance to β-lactams is more frequent in isolates from hospitalized patients than from the community [14] . MDR P. aeruginosa (MDR-PA) isolates are more common among ICU patient isolates than among non-ICU inpatient isolates. As in our university, outbreaks of MDR-PA inside and outside ICUs are an increasingly reported problem in hospitals [8] . 12 (42.9%) of all P. aeruginosa isolated in our hospital ICU were MDR-PA, and most of them were isolated from tracheal aspirates and were related with LRTIs.
Active penicillins against P. aeruginosa are azlocillin, carbenicillin, mezlocillin, piperacillin, and ticarcillin. Piperacillin is more effective than ticarcillin and karbenicillin. Resistance to piperacillin usually occurs during treatment [15] . By adding tazobactam, a betalactamase inhibitor, sensitivity may be increased [15] . In our study, 15 of the P. aeruginosa were resistant to piperacillin and while resistant to piperacillin, there were 3 strains susceptible to piperacillin/tazobactam. 12 of these 15 strains were MDR and serogroup E, 3 were not MDR, however, were again serogroup E. Chromosomal beta-lactamase of these 3 non-MDR origins was positive.
In the others, no interaction was observed between the disks due to resistance. In the MDR origins, possibly there were OXA enzymes that were responsible for plasmid interagency resistance, and they were not affected from beta-lactamase inhibitors [16] . That the OXA enzymes were plasmid interagency showed the importance of having hard cautions in order to prevent expansion.
All of the MDR-PAs we isolated included metallobeta-lactamase. These origins were resistant to imipenem and meropenem. Because the metallo-betalactamase enzyme hydrolyzes the cephalosporin and carbapenems, the bacteria which have this enzyme are expected to be resistant these antibiotics. However, the MBL enzyme is ineffective to aztreonam [17] . In our study, two of the MDR-PAs which included MBL were semi-sensitive to aztreonam, the other origins were resistant. So, in those enzymes there may be PER-1 enzyme and OXA type enzyme as well as MBL; or extensive AmpC may occur [18] . Vahapoglu et al. [19] stated that in the P. aeruginosa strains isolated from the hospitals in Turkey, there were PER-1 enzyme; and it is pointed out that it was responsible from the increase in death in nosocomial infections. Lee et al. [20] reported the sputum and urine were found to be the main sources of MBL-producing isolates as in our study. For this reason, whether carbapenem resistant bacteria include MBL enzyme or not should be investigated, the MBL producing bacteria should be prevented from expanding.
In the isolated P. aeruginosa, resistance to aminoglycoside was around 50%. The number of the origins sensitive to amikacin was higher while they were resistant to the other. In the other studies, as in our findings, the bacterium resistant to aminoglycoside is usually observed to be resistant to the other aminoglycoside except amikacin [21, 22] . All MDRs were resistant to the four aminoglycoside. And if we accept the intermediate susceptible as resistant, resistance to ciprofloxacin, ofloxacin, and carbapenems was detected. So, in those, extensive MexXY may occur, or these origins may include one of the AAC, ANT, APH enzymes which changes aminoglycoside with the other resistance mechanisms [23] . Another possibility is that aminoglycoside in the chromosomes of these origins may be activated with mutation by resistance gene aphA [15] .
Except the P. aeruginosa isolated from the mucus of the patients with cystic fibrosis, that their serotyping is repeatable is important in epidemiologic studies [24] . In our study, as in the other studies, according to International Antigenic Typing Scheme (IATS), O6 (G serogroup/ Denka Seiken) and O11 (E serogroup/ Denka Seiken) serotypes were highly observed [25, 26] . Similar to our study, there are studies pointing out origins which cannot be typed via serologic methods [11] . In our study, an origin which could not be serotyped was assessed separately because it was different from the others as antibiotype (type 3). Generally, the strains isolated from the same patient have the same serotype and same antibiotic pattern (Patient no 51, 90 in Table 2 ). When the antibiotic sensitivity of origins from the same patient with the same serotype but with different antibiotic pattern was investigated, the isolated origins were first observed to be intermediate susceptible; later, they became resistant (Patient no 107, 134 in Table 2 ). However, the origins isolated from the patient 108's catheter and blood cultures were identical, and the ones isolated from the tracheal aspirates were different from these. In the same serotype and the same antibiotic patterns isolated from different patients, strains including the same enzymes may be accepted to be carried from one patient to the other. One of the three P. aeruginosa isolated from the ICU staff's hand cultures was serogroup E, the other two were group G; and the strain typed as group E was MDR like the ones isolated from the patients. These findings make us think that the bacteria might have been carried to the patients via the hands of the staff. When the isolation dates considered, it was seen that same serotypes were isolated and the G serotype strains isolated from the patients were isolated from the staff synchronously. P. aeruginosa isolated between July and October was serogroup E and MDR-PA. Although it was not isolated from the patients between 2 nd October and 29 th December and 22 days after 2 nd October, MDR-PA in serogroup E was isolated from one of the staff. And this showed that, although not in patients, this bacterium did exist in the ICU flora. At the end of December, that infections formed by MDR-PAs were again begun to be seen supports this thought.
Serious pseudomonas infections are generally accepted to be treated with two antibiotics with different mechanisms and with synergic effect [27] . Although their susceptibilities allow using two beta-lactams, it should not be preferred.
In our hospital ICU, in combine empiric treatment, mostly amikacin and piperracillin/tazobaktam, amikacin and 3 rd generation cephalosporins, aminoglycoside and carbapenems, aminoglycoside and quinolones were preferred. The reason why resistance with aminoglycosides and quinolones were higher might be that these antibiotics were used ever so often. However, the amikacin/tazobactam combination used in empiric treatment is a correct preference for the origins other than MDR-PA origins. MDR bacteria were resistant to most of the antibiotics tried and were intermediate susceptible to some. In order to decide the antibiotics that are going to be used in the treatment of the infections formed with these bacteria, synergy tests may be beneficial. The important thing is to prevent the growth and expansion of the resistant strains. When MDR-PA is isolated, patients should surely be isolated.
It is known that the hospital infection factors are carried from patient to patient and from environment to patient via staff's hands and the tools used. In order to determine whether these is clonal distribution or not, the bacteria should be typed. For this purpose, antibiotic typing, serotyping, and molecular typing methods can be used. Antibiotic typing fails especially with bacteria which have multi-resistance. In this study, 15 different patterns were observed among 28 bacteria. With multi-resistant bacteria, especially PFGE has a high distinguishing power; however, it cannot be applied in every laboratory and it requires hard work. Serotyping can easily be applied in every laboratory via commercial kits. In this study, 11 from the patients and one from the staff, in total 12 MDR-PA were observed in the same serogroup and with the same PFGE pattern. Also, another group of bacteria, five from the patients and 2 from the staff, was observed to be in the same serogroup and with the same PFGE pattern. In the cases that molecular typing cannot be applied, serotyping may provide rapid information about the existence of clonal distribution.
At the end of the typing methods, two different clonal P. aeruginosa strains were found in our hospital. It is concluded that glove use and hand wash trainings should often be repeated and supervised.
